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Abstract 

 

In this paper, we introduce a pulse into the nonlinear directional coupler, and add a pump light by wavelength division 

multiplexing which is to use Kerr effect as an advantage and produce the cross-phase modulation. We then analytically solve the 

coupled nonlinear Schrodinger equations for the input power and plot transmission coefficient with respect to normalized input 

power for varying values of coupling coefficient. After that, we analyse the effect of coupling coefficient on the switching 

characteristics i.e. transmission coefficient with respect to normalized input power with input signal in one port  and input signal 

in both the ports respectively.     
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Nonlinear directional couplers (NLDCs), passive devices, have attracted considerable attention because of their many 

applications in optical systems [1-4]. M.G. da Silva et al reported numerical analysis of nonlinear directional fibre coupler with 

periodically modulated dispersion [5]. Gain induced soliton switching and phase induced soliton switching was also investigated 

[6-7]. NLDCs couple a definite part of the electromagnetic power in a transmission line to a port which enables the signal to be 

used in another circuit. An important feature of directional couplers is that they are unidirectional. Power which is entering in the 

output port 2 is coupled to port 4 but not to port 3. Directional couplers are constructed from two transmission lines set near to 

each other such that evanescent coupling takes place.  

The symbols which are used to represent directional couplers are shown in figure 1. Directional couplers have four ports. Port 

1 is the input port in which power is applied. Port 3 is the coupled port in which a part of the input power appears. Port 2 is the 

transmitted port in which the output power from port 1 appears, minus the portion that went to port 3. Directional couplers are 

mostly symmetrical so there is also a port 4, the isolated port. A part of the power entered in port 2 will be coupled to port 4. The 

device is not usually used in this mode and port 4 is terminated with a matched load. This results in a 3-port device, shown as in 

figure 1 which is used as a second symbol for directional couplers. 

 
Fig. 1: Two symbols used for directional couplers 
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Consider a symmetry directional coupler at a low power level [8]. In port A, an input signal with low power and a pump signal 

with high power are coupled into channel 1 by wavelength division multiplexing (WDM), as shown in figure 2. The input of 

pump signal produces cross-phase modulation with respect to the input signal in channel 1 due to the Kerr effect. So the original 

symmetry directional coupler is changed to an asymmetric directional coupler. At the low power level, the coupler behaves as a 

linear device. By gradually increasing the power of pump light, the pump power reaches threshold power. If the pump power is 

greater than the threshold power, the switching of the signal pulses between two cores in the directional coupler will be 

prevented by cross-phase modulation. 

 
Fig. 2: Non-linear directional coupler 

II. MATHEMATICAL MODEL 

Firstly, according to the coupled nonlinear Schrödinger equations, we ignore the time-related items and can get the following 

equations [9]:  
   

  
 =       +     +                                            (1) 

   

  
 =       +                                                         (2) 

Where    and     are the propagation constants of core 1 and core 2, respectively,     and     are the coupling parameters,   

is the nonlinearity parameter, and    is the pump light. 

Secondly, we make conversion as follows:        
            and         

           ; thus we can obtain the following 

simpler equations: 
   

  
 =     +                                                                  (3) 

   

  
 =     +                                                                  (4) 

In the equations, we make the coupling parameters           ,             ,            Pp and       . 

Thirdly, solving (3) and (4), we can suppose that the initial conditions           and           and get the following 

results: 
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Where          and     √            , and when solving the equations, we made an approximation as Δβ = 0. 

The transmission coefficient used to describe the switching performance is defined as follows: 

   
∫ |  |

   
 
  

∫ |   |
   

 
  

    (i=1,2)                                                     (7) 

III. RESULTS AND DISCUSSION 

 Switching Characteristics with Same Phase: A.

We choose the nonlinear coefficient   = 1.5        /W cm, the coupling length    = π/2K = 31.4 cm, and the pump power is 

ranged from 0 to 1000 kW. The graphs are obtained for various values of coupling coefficient K varying between 0.05      and 

0.2     . To let the pump remain in channel 1, and to avoid producing the four-wave mixing (FWM), the wavelength of pump 

signal is taken as 850 nm, while the wavelength of input signals is 1550 nm. Figures 3 and 7 show the transmission, relative to 

the initial input power in channel 1, and can be obtained from (7), with respect to the normalized pump power, when the initial 

pulses at the input port are given by     = 1 mW,     = 0 and     = 1 mW, and     =  1 mW, respectively. The threshold power 

(    ) is about 70.9 kW. Finally the pump power is normalized by the threshold power      , namely,      /    . 
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Fig. 3: The transmission as a function of the normalized pump power with an input signal in port A and K = 0.05 

 
Fig. 4: The transmission as a function of the normalized pump power with an input signal in port A and K = 0.1 

 
Fig. 5: The transmission as a function of the normalized pump power with an input signal in port A and K = 0.15 
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Fig. 6: The transmission as a function of the normalized pump power with an input signal in port A and K = 0.2 

From figures 3-6, we observe that the transmission coefficient for core 1 has a maximum value of 1 for K = 0.05 and the 

transmission coefficient for core 2 has a minimum value of 0. For K = 0.1, the values are 0.97 and 0.02 respectively. For K = 

0.15, the values are 0.68 and 0.31 respectively. For K = 0.2, the values are 0.45 and 0.54 respectively. We conclude that by 

increasing the value of K, the maximum value of transmission coefficient for core 1 decreases and the minimum value of 

transmission coefficient for core 2 increases. 

 
Fig. 7: The transmission as a function of the normalized pump power with an input signal in ports A and B for K = 0.05 

 
Fig. 8: The transmission as a function of the normalized pump power with an input signal in ports A and B for K = 0.1 
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Fig. 9: The transmission as a function of the normalized pump power with an input signal in ports A and B for K = 0.15 

 
Fig. 10: The transmission as a function of the normalized pump power with an input signal in ports A and B for K = 0.2 

From figures 7-10, we observe that the peak value of transmission coefficient is obtained for an input power of 0.74 for K = 

0.05. For K = 0.1, the value is obtained at an input power of 2.85. For K = 0.15, the value is obtained at an input power of 5.77. 

For K = 0.2, the value is obtained at an input power of 10.19. We conclude that by increasing the value of K, the input power for 

peak value of transmission coefficient also increases. 

 Switching Characteristics with a Phase Difference: B.

We explore another situation in which the input channels are excited by a phase difference between two pulses. A dephasing 

value (  ) is added into the initial input    , so (5) and (6) become as follows: 
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             ]                  (8) 
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             ]                       (9) 

Next we consider two situations when   < 1 and   > 1. Figs. 8 and 9 show the Xratio level as a function of dephasing value 

Δϕ, when   = 0.88 and   = 2.86, respectively with varying coupling coefficient. We notice that by increasing the value of 

coupling coefficient from 0.05 to 0.1 the graphs for pump power   < 1 and   > 1 are reversed. 
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Fig. 11: The Xratio level as a function of Δϕ when   = 0.88 and    =   = 1 mW and K= 0.05 

 
Fig. 12: The Xratio level as a function of Δϕ when   = 2.86 and    =   = 1 mW and K= 0.05 

 
Fig. 13: The Xratio level as a function of Δϕ when   = 0.88 and    =   = 1 mW and K= 0.1 
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Fig. 14: The Xratio level as a function of Δϕ when   = 2.86 and    =   = 1 mW and K= 0.1 

IV. CONCLUSION 

Signals with lower power input from the two ports, respectively, and the pump and one of two signals are coupled into a certain 

channel by WDM. By using the analytical method, we solve the coupled nonlinear Schrödinger equations, and obtain the 

switching characteristics of the nonlinear coupler with the cross- phase modulation. We conclude that in case of input signal in 

port A, increasing the value of k results in decrease in the maximum value of transmission coefficient for core 1 and increase in 

the minimum value of transmission coefficient for core 2. In case of input signal in port A and port B, increasing the value of k 

results in increase in the input power for peak value of transmission coefficient. We notice that by increasing the value of 

coupling coefficient from 0.05 to 0.1 the graphs for pump power   < 1 and   > 1 are reversed. 
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